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Alwtract ‘J’lie accuracy of  willcl mcasurc]ncrlts w i t h
sctrtterolnctcr tcclllliqum dcpculds  orI tllc lmrticu]ar gco-
I)llysical  Iuodc]  function used  ill tl)c  r e t r i e v a l  algoritlilll.
l)iscrcpiulcics  alncmg  existiug tnodcl fuuctions, clcvclopcxl
Imsrcl o]) a Illixturc o f  a i r c r a f t  and satclliLe  backscattcr
data acquired two dccadcs ago, will rcsu]t ill clifTcrcnccs
ill rctricvcci wind f ie lds .  ‘1’hc Jet I’rol)ulsion I,aboratory
airborne Ku-band NIJSCNli scattcmnctcr was USCCI to ob-
(aitl  au cxtcusive data set over a wide  raugc of wiud con-
ditions to l)roviclc. a more accurate. study of ocean radar
I,ackscattcr sigaaturcs. IIac.ksc.attcr were  mcasurccl dur-
ing the Surface Wave IJyualnics l’;xpcrimmlt iu au oceanic
area ofl tllc US I’;ast c o a s t . IIac.kscattcr data were ot)-
tailled for both IIoriz,olltal  aud vertical I)olarizatiol]s, iu-
ciclcl]cc a]lgle  fro]o  10° to 60°, aud wiud speeds UII to 15
111.  s-1, ‘1’}Ic Incasured resul ts  arc  c.oxnparcd  wi th  cal-
culated values  to  assess  tllc cxistiug gcoj)hysical luodel
f(ll]ctiolls  for al)l)licatious  to occau surface wll)d  retrieval.

lNrJ’lLO1)LJC’J’loN

1{,, -l~alld scattcrolnctcr tccllllology  Ila.s I)cwll clcmoli-
str~itcd  aucl will l)c used  to  ]nouitor glolxrl  occall w i u d
fields  fro]]] spat.eborllc sensors SUCII as the NASA Scat-
tcrollwtcr (N SCA’J’) [I]. Algorithms for rct,ricval of wind
slx-cds  and di rec t ions  frolu scattcromctcr data ~lt,iliz,c al)-
so]utc radar rcturus as well as relative azilnuth modula-
tions of I)ackscattcr [3]. ‘J’llc a c c u r a c y  o f  tl)c  willcl re-
trieval dcl)cuds 011 tllc par t icular  gco~)llysical  ~l)odcl furlc-
tioll  used ill tl~c algorithln.

AInong  the cxistiug geophys ica l  Inoclcl funct ions  arc
l{AIJSCArJ’  ~], SASS-1 [3], aud SASS-II [4, 5] clcvclopcd
based ol~ aircraft and satellite backscatter data acquired
ill tl]c  1 9 7 0 s .  \Vitll advauccs in b o t h  scattcrolnctcr and
I,uoy tcc.huo]ogics,  au cxtcnsivc data set over a wide range
of wind  co]lditious  will allow a more accurate asscssmcllt,
of tllc occau radar I)ackscattcr.

Ill this paper, Ku-baud backscatter fuuctions of neutral
witid  a r c  s t u d i e d  basccl  oa tllc NUSCA’l’-SWA1)I(;  d a t a
base. NIJSCA’1’ i s  a u  airboruc Ku-band scatt,cromctcr
dcvclolml  by t h e  J e t  l’rol)ulsion l,al)oratory. NUSCA’1’
was used to lncasurc occall backscattcr during the Sur-
face Wave l~yllanlics l{;xl)crinmr)t  (SWA1)lI;).  ‘J’cn flights
resulted ill 30 IIours  of data c.ollcctiou  were couductcd o]l
tllc NASA Alncs C130 aircraft during SWAI)l+; iu Fcbrw
ary atld  Lfarcll  of 1991 ofl’ tl]c coast of Marylaud and Vir-
ginia c)vcr s e v e r a l  oceau buoys. NUSCA’J’  data  togcillcr

wit]l  buoy  wiud  sl)ccds allcl d i rect ions  arc  usccl iu th is
alialysis,
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A  secoud llarmmic. fullc.tioll  IIas bccu adol)tcd to clc-
scribc c)ccaa  aziu]nt]l lnodulatiou iu”radar Lackscattcr  co
[2, 3, 4, 6]. ‘1’}lis fullctio]l is clctcrmiucd  by tllrcc diffcrcmt
cocffic. icllts /Jo, Al, aud A2 as fo l lows

UO(U,  X,O, 1’) = AO(U,  O, P )

- t  AI(U, O, }’) COS(X)

+ A2(U,0,  ]’) COS(~~)

wllcrc A. is tllc lnca~l backscattcr, A l  i s  f o r  tllc uI)wil)d
al)d  dowllwi]ld  asy~u]uctry, and Az is for tlIC  diffcrct~cc  ia
t,ac.kscatter cxtrctlla. k;acll o f  tllcsc cocflicicllts  dcl)ci)ds
oIl w i u d  sl)ecd .!1, illcidcmcc  auglc 0, a u d  l)olarizatio]] f’
(11 II or \’V). Auglc x is tl~c azilnutll dcfitlcd with rcs~)cct
to uj~willd wl]crc ~ =  0. Ill tlic gcol)llysical I]loclcl fullc-
tio],s, wind  si)ccxl U is tllc neutral wind  Sl)cccl UN(19.5  m)
at (IIC Ilcigllt of 19.5 m ahovc sea surface level [2, 3, 4, 5].

I)uri]lg tltc NLJSCA’I’  flights o u  t h e  C130,  a diffcrmlcc
l)ctwccu opcratioaal aud desired lJitcll  aup;lcs of the air-
craft caused a tilt of tlic al}tcnlia axis wit]]  respect to
t h e  IIo[niual  iucident allglc. As a  resul t ,  t]lc  iucidcncc
at]glc  w a s  Inodulatcd as tllc autc]lna scallllcd t h r o u g h
tl~e 360° azilnuth. }xtraucous harmonics  were thereby
crcatcd ill tllc Incas urcxl signals  b y  tllc l)catiilg I)ctwccu
the illcidcnc.c  a n g l e  lnodulations and tllc I)llysical occau
backscat,tcr nloclulatious.  ‘1’0 account for this effect, a llar-
lnouic  analysis rncthod indcpcndcnt  of a priori geophysical
ruodcl  fuuctio]ls  is dcveloIml, t e s t e d ,  a u d  implcmcntcd.
‘1’llis rnctl]od alsc, fiuds tllc upwiud backscattcr ~naxirnum
wit]lout  rwlyiug  0]1 buoy  clata for wind direction lncmure-
Immts. IU this lncthod, there  arc  two IJroblclns Ilccd  to
I)c c.onsidcrcd. F’irst,  there  exis t  diffcrcllt  s o l u t i o n s  f o r
wi)]d directions at azillluth auglcs with 180° apart. ‘J’his
c a u s e s  a  coufusio]l Lrctwccn ur)wiucl and downwiud clirec-
tious. ‘J’O resolve this problcm,  we usc buoy data for wiud
directions wllicli  IIccd to bc kllowu  ouly  to withiu  390° for
tl]is l~urI)osc.  ‘1’IIc scco~]d l)roblc~u  o c c u r s  WIICU tllc wind
dircctio]] i s  [)arallcl t o  tllc azi]nuth directiou wllcrc tllc
inc. idcllcc ]~loclulatiorl  is au cxtrcrnulll. Ill th is  s i tua t ion ,
ttlc illforluatiol]  c a r r i e d  iu tllc backscattcr clata alollc i s
JIOt adequate  to  scJ)aratc tllc coutributiolls  by tllc occau
Imxlulatic)lls fi~ld by tllc iucidcucc  rnodulatious to t h e  t~
[al first Ilarllmllic tc.r[n.  la these c.ascs,  sigl~ificaut  e r r o r s



a rc  illcurrcd WIICU !Jl)c variaticrlls it] tile illciclclicc  a]iglc  are
very c]osr  to tllc sinusoidal form. ‘1’0 avoid the errors, wc
cxcludc cases wllcre rctricwcxl  wiud  m]glcs  arc close  to tllc
cxircllllllll  azilllutll auglcs of the il)cidcnce lnociulatioll,
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\trc  al,l)ly  tl)c  a b o v e  Inct,llod  LO L1]C NLJSCA’J’ backscat,-
tcr d a t a  t o  clctcrnliuc  azilllutl)  ~llodulatiolls  iu occall
backscattcr  over t,l}c wil]d  conditions cllcouutcrcd duri])g
SWA 1  )II;. l’or tllc rcsu]ts below, w c  rxclude ca.wx wit]]
I;irge swells a]ld  sea sur-face tclnpcrat,ur-c diffcrcllccs across
tllc (Ju]f Strcaln boul)dary to a v o i d  colnlj]icatcd air and
sea collditiolls.  IIuoy  mcasurcmcnts  a t  t h e  c l o s e s t  tilllc
a]ld locat ion to N USCA’1’ arc sclcctcd to correla te  wit,ll
tllc backscattcr data, Wc will present tile results ill tcrl)u=+
of ul)willd,  dow)lwiud, aud crosswind Lacliscattcriug co
cflicicuts (c:, a;, and a:, rcspcctivc]y), which  dctcrminc
tllc cocflicicllt)s  ,40, A] ,  a u d  Az iu tllc lrackscattcr l)ar-
IImtlic functiou with tl]c  following rclatiolis

‘J{) cllcck  tile data l)roccssillg, wc cxalllinc tllc result of a
case ol)t;ii]lcd  durilig 11’li.gilt 1 on 27 I’cl)ruary 1991 over
l,uoy  44015 (I)iscus 1;), where NUSCA’1’ was Icss tlla)l 10
kttl fro]ll  tile buoy  aud witllii) 2.4 ~niuutes froln Luoy  wind
IIlcasurclllcllts  and 13.6 ]ni]lutcs  fro]n buoy wave da{a ac.-
quisitiot). ‘1’IIC  wi]ld  direction ol)taiucd  by NUSCArl’  is at
289°,  wllic]i is very C . 1O S C  to tllc wi]ld  direction at 294°
IImasurml  by ])iscus 1’;. la this case, tllc wind direction
is al]lm( IJarallcl  to tllc l)rillc.il)al  wave  dircctiol] at spcc-
trfil  I)cak,  wl]icll  is at 292°.  ‘J’hc corrcsl)ollditlg  d i rec t ional
wave sl)cctruln Ilwasurcd by tllc buoy Snows that lIlost of
tllc fvavr  c.ollll)ollcllts  IJrol)agatc ill tllc salllc d i r e c t i o n  o f
tllc wind. ‘1’l]c wind  s])ecd  fro~n b u o y  i s  9.8 Ill s-  1 at
4-rtI Ilcigllt, wllicll  corrcsl)ollds  to a ucutral wiud of  11.7
111. s- 1 at 19.5 II). IIackscattcr for this case co~lll)arcs  well
with SASS-11 values.

L’ig. 1 j)rcscnts ul)willd  Lacksc.attcr  at iuciclcllcc  ang]cs
froll) 0° to 60° for tllc llorizolltal polarization. ‘J’lIc range
of wind  slwcds is fro~n 4 m . s–] to 15 m . s–]. hTUSCA’l’-
SWA 1)1; results rcj)rcscntcd by  sy]])l)ols  for different ill-
cidcacc allglcs  a r c  c.olnparcd  wit]]  ll,Al)SCArl’  r e s u l t s
(colltilluous  curves) aud calculated valued fro]]) SASS-
1 (dasllcd c.urvcs)  aud S A S S - I I  (clasllcd-dott,cd c u r v e s ) .
l)iscrcl,aucics alllo],g tllc ItAI)SCNJ’, SASS-f, aud SASS-
11  are SCC]I  ill Fig. 1. l’;rllI)irical  funct ions  obtaillcd fro]ll
N[l  S[~A’]’ data arc also ])lottccl  wit]l  the dotted curves. lt]
gc]icral, NUS(:ArJ’  1111  data arc IIighcr  tllau lLA1)SCA’1’
results. l{ ADSCArl’  v a l u e s  a r c  tllc ]owcst  comI)arcd to
S A S S - 1  and 11. overa l l ,  NUSCArl’  1111 tjackscatt,cr  CO]IP
j]arcs best with tllc SASS-II results as SCC)l  iu ligurc 1.
At 10° irlc.idcllcc  allglc, N{JSCA’J’ backscattcr is c]oscst to
S A S S - 1 ;  IIowevcr,  tllc results arc itlsc]]sitivc to t,l]c wiud

sl)ccd  and arc quite comparable to cacll otllcr. NIJSCA’1’,
SASS-1, and SASS-11 arc in good agrcc[nc]lt while l{ Al)-
SCA’J’ is low for i]lcide]lcc angles at 20° aud 30°. l’or 400 ,

N{ JS~Ar]’  fits  well  with SASS-II at,  wind sl)ccds h igher
tllall 10 ]il s- ] , wllcrc mauy NIJSCArJ’  data arc located,
w]lilc  I{ AI) SCA’J’ and SASS-1 arc low. For Lac.kscattcr
CIOSS sections at 50°, NUSCArl’,  1{.AI)SCA’J’,  and SASS-II
arc iu good agrccrncnt wllilc  SASS-J is low. At GOO, NUS-
CA’1’ coln})arcs  WC]] with SASS-J] for wirld  larger t]lau 10
111. s - ] wllilc  l{, Al) SCArl’ is sigllificautly lower. IIacksc.attcr
results for dowllwiad  arid  crosswind dircctio]ls arc I)lot-
tcd ill Irigs.  2 and 3, w]lcrc  s imilar  resul ts  arc  observed.
Note t.l]at  at 50°, N[JSCA’1’  agrees with SASS-11, wllic.h
is ]Iighcr  tllall botl] SASS-1 aud lLAIXCA’1’.  ‘J’IIc analysis
j)rcxclltcd ill this I)a])cr  is also a])l)licd  to occau l)ackscat,-
tcr with tllc vertical })olarizatiou,
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Figure 1. U])wirld ILorizo]ltal backscattcr  faactioas of ]lcatral
Wi]ld speed at 19.5 m. Symbols arc for NUSCA’J’ bacliscat-
tcr  data, dotted curves for NUSCA’1’  fits, contiaaous curves
for I{ A1)SCA’1’,  dashed curves for SASS-I, a]td dashed-dotted
curves  for SASS-II,

occa]l backscattcr a t  l{uballd was  suc.ccssfu]ly  rncmurcd
by tl]c  Jet l’ropulsioll  l a b o r a t o r y  N(JSCA’1’ scattcroln-
ctcr  durit]g S\VAl)II;  over a wide ratlgc of wind  sl)ccds.
N(JSCA’J’  rcsu]t,s  f o r  occall backscattcr ill tcrllls o f  ul)-
willd, do}~,llJt,i]ld, a u d  c.rosswitld  radar ret, ur]ls  a r c  corm



Downwind, H Polarization
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l:i~, arc  2. l)o\v II\vi Iid IIorizc]lltal Lackscattcr fullctirrlls  of Iicu -
tlal ~villd  SIJCC{I  at 19.5 II]. SyIIIl~ols arc for NUSCA’J’ backscat-
tcl data, dotted curves  for NUSCA’I’  fits, contiguous curves
fol }{ AI) SCA’I’,  dashed c-urvcs for SASS-f, aud dashed-dotted
C(lIVCS  fol SASS-II.

])arcd to airl)c)r]lc  l{.A1)SCArJ’  results and to SASS-1 aIId
11 gcol)llysic.al  ]node]  funciio]ls versus IIcutra] wind sprxd.
NUSCA’J’ backscattcr is closest overall to SASS-11 val-
ues,  fit best wit]]  SASS-1  at 10° incidence ri{lglc, and arc
si~;llificfi]ltly  IIigller  tl]all I{ AI) SCA’I’. l;~nl)iric.al  re la t ions
Iwtwccll  backscatter ar, d neutral wind spcccl  arc dcrivccl
for 10° to 40° incidence angles. AN error analysis c)f t,lIc

der ived  rclatiol)s  SIIOW an overall deviation factor iii tllc
order of 1 d]) for oc.call signatures including u]lcertaintics
ill surface conditions.

‘1’llis work was performed ulldcr a contract with the Na-
tiolial Acrollautics and S p a c e  Adlni]listrat,io]~  at tl]c J e t
l’ro~)ulsion  IJatJoratory, California lrlstitutc of ‘i’ccllr]ology.
‘1’IIc irut]]ors  tllali!i I)r. J .  1). Obcrholtzcr, l)r. K .  Stcclc,
and  l)r. 1). Waug for tllc buoy data.
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cccditlgs  oj (Itc J}’;l’;t’;,  vol. 79, lIo. G, plI. 850-8(36,  1991.

Crosswind, H Polarization
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l’igurc  3 .  Cross\vilid  IIorizontal  I)ackscattcr  ful~ctio]ls  o f  IIcu-
tral lvilld sl)ccd at 19..5 [[l. SyInl,ols arc for NUSCA’1’  l)ackscat-
tcr  data, dotted curves for hTUSC;A’l’  fits, continuous  curves
for I{ A1)SC;A’I’, dasl,cd  curves  for SASS-J, a!lrl dashed-dottccl
(arvcs for SASS-11,

[2]

[3]

[4]

[5]

[6]

1, .  C. Scllrocdcr,  1). 11. lloggs,  G. I) OIIIC,  I. hf. llalbcr-
s[all),  }V, I,, JO]ICS, W.  J, I)icrsolL,  and l;. J. Wc]Itz, ‘( ’l’lIC
rclatio~ls}(irj Ixtwccu  wiad vector and Ilorlualizcd  r a d a r
CIOSS scctioll  uscxl to derive SII; ASACI’-A satellite scat-
tcro]actcr w i n d s ,  ”  ~. (;cop)tys. }tcs., , vol. 87, lLO, C5,
},1). 3318-3336, 198’2.

1,. C. Schrocdcr,  1’. 1{. Scllaffrlcr,  J. l,. hlitchcll, ar,d W .
1/. Jones, “AA I;I; lLAI)SCA’1’  13.9 -GIIz  lacasurcmc]lts
ar~cl analysis: Wiad-speed siguaturc of tllc  ocean, ” 1};1’;},;
J. OcerIrir’c  L’r?ginccring, IO]. 01;-10,  ]Lo.  4, ])1). 3 4 6 - 3 5 7 ,
1985.

1’. J. Wc~itz, S. l’ctcllcryc}l, a]id 1,. A, “1’tlo]]ias, “A model
function for occalt radar  cross  scctio]ls  at 14.6 GIIz,”  J.
(J’CO])hrJ.9.  ltcs.,  VO1.  89, IIC).  ~3, pp. 3689-3704,  1984.

F’. J. Wcatz,  1,. A. h!attox, and S. l’ctc}lcrycll,  “Nc\v algo-
rith~us for IIlicrowavc  rncasrrrclucnts  of occarl  winds: Ar)-
I)]icatious  to S1,;ASA’1’  and the  S1)ecial  Scasor  hficrowavc
]Inagcr)”  ~. (;rmphys.  }/es., vol. 91, 110. (2, p],.  2289-2307,
1986.

l’. I { .  I,i, (;. Nculuanll,  S .  SllafTcr, and S .  1,, l)urrlcli,
“Studies of tllc Iocatio[l  of azinlutll  ll~odulatio]l  ]llillilllul[l
f o r  K u  b a n d  ocean radar  backscattcr,”  J. G’cophYs,  ftcs.,
VOI. 93, 110. (:7, 1)}) 8229-8238, 1988.


